Objective: To determine whether the preoperative lymphocyte-monocyte ratio (LMR) is a predictor of suboptimal cytoreduction in advanced-stage epithelial ovarian cancer (EOC). Methods: Preoperative clinico-pathologic and hematologic parameters were reviewed in a total of 154 patients with EOC submitted to primary cytoreductive surgery. Patients were categorized into two different groups according to the results of cytoreductive surgery: optimal and suboptimal cytoreduction. Continuous variables were categorized into two groups using the best cutoff points selected on the receiver operating characteristic (ROC) curve for suboptimal cytoreduction. Results: Based on data collected from the 154 patients, 133 (86.4%) and 21 (13.6%) patients presented with stage III and IV disease, respectively. One hundred seventeen (76.0%) patients had serous adenocarcinoma, and 92 (59.7%) had histologic tumor grade 3. The optimal and suboptimal cytoreduction groups included 96 (62.3%) and 58 patients (37.7%), respectively. The best LMR cutoff point for suboptimal cytoreduction was 3.75. On multivariate logistic regression analysis, age, cancer antigen 125, white blood cell count, and LMR were found to be the strongest predictors for suboptimal cytoreduction (P=0.0037, 0.0249, 0.0062, and 0.0015, respectively). Conclusion: Preoperative LMR is an independent predictor of suboptimal cytoreduction. It provides additional prognostic information beyond the biological parameters of the tumor.
Introduction
Ovarian cancer remains one of the leading causes of death from gynecologic cancer worldwide [1] . One of the reasons for this dismal prognosis is that, on most occasions, ovarian cancer is diagnosed at an advanced stage [2] . To improve survival of advanced ovarian cancer patients, cytoreductive surgery to achieve a largest residual tumor mass of 1 cm or less in maximum diameter (e.g., optimal cytoreduction) followed by postoperative chemotherapy is recommended [3, 4] . However, if
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International Publisher patients fail to achieve optimal cytoreduction, they may experience major morbidity without survival benefit [5] . In addition, interval debulking surgery has not been considered to be useful for patients with a largest residual tumor more than 1 cm in maximum diameter after primary surgical cytoreduction [6] . To overcome situations in which it is difficult to achieve optimal cytoreduction, interval cytoreduction following neoadjuvant chemotherapy (NAC) has been suggested as an alternative treatment to primary cytoreductive surgery plus postoperative chemotherapy [2, 5] . Therefore, the precise pretreatment discrimination of patients' not amenable to optimal cytoreduction may be one of the principal determinants of prognosis in ovarian cancer [7] .
Several researchers have endeavored to identify the specific predictors of cytoreductive outcomes. With respect to age, optimal cytoreduction can be easily accomplished in young patients [8, 9] . There is some evidence that inherent differences in tumor biology are associated with the resectability of tumors. For example, cytoreduction has been easily achieved in patients with low-grade tumors and in those without ascites [8] . In addition, molecular methods such as microarrays [10] and p53 gene expression determination [11] have been used to predict which patients can be optimally debulked. Furthermore, numerous studies have revealed that preoperative cancer antigen 125 (CA125) level is associated with the results of cytoreductive surgery [9, [12] [13] [14] [15] . Specific laparoscopic [16] , computed tomography (CT) [9, 17, 18] , and positron emission tomography/computed tomography (PET/CT) findings [19] [20] [21] have been suggested as means by which the prediction of cytoreductive surgery outcomes can be improved. Although several studies have suggested potential tools for predicting outcomes of cytoreductive surgery, controversial results have also been reported, and thus their use as valuable predictors in the clinic is limited. Finally, the expertise of the surgeon cannot be ignored [22] . Currently no certain set of predictors perform well enough for clinical purposes.
Recently, the LMR, the ratio of absolute lymphocyte count [ALC] to the absolute monocyte count [AMC]), has been shown to be associated with survival in patients with malignant lymphomas [23] and different types of solid tumors, including ovarian cancer [24] . In a previous study, we revealed the value of LMR in predicting overall survival (OS) of stage I to IV epithelial ovarian cancer (EOC) [24] . The purpose of this study is to evaluate whether LMR could serve as a predictor of suboptimal surgical cytoreduction in patients with stage IIII-IV EOC.
Methods
We retrospectively assessed 154 patients with stage III-IV EOC who underwent up-front cytoreductive surgery by highly trained surgeons at university hospitals from July 2003 to January 2015. Patients with synchronous cancers or prior cancers diagnosed within 5 years of study were excluded from the present study. Those who had been treated with NAC or any type of radiotherapy were also excluded. In addition, patients who had concurrent autoimmune disorders including rheumatoid arthritis, Sjogren syndrome, and Hashimoto's thyroiditis, or had evidence of active infection were excluded. In our study, 181 patients were initially included in the study. From them, we excluded those with histology not compatible with EOC (15), those without available tissue for review (3) , those who did not undergo surgical resection (1), those with stage I-II EOC (4), and those with no available preoperative complete blood count (CBC) with differential count (4). Ultimately, 154 patients were included in this work. This study is not a subgroup analysis of our previous study on ovarian cancer [24] . Retrospective review, collection, and analysis of medical records were approved by the independent ethics committee before it was initiated. This study was performed in accordance with the ethical principles in the Declaration of Helsinki.
Clinico-pathologic variables including age, histological classification, histologic tumor grade, International Federation of Gynecology and Obstetrics (FIGO) stage, maximal diameter of residual tumor, ascites, serum albumin concentration, CA125 levels, and hematologic parameters (peripheral blood white blood cells [WBC] , hemoglobin, platelet counts, absolute neutrophil count [ANC], AMC, and ALC) were obtained retrospectively from medical records of patients. In addition, the ratio of the ANC to the ALC (NLR) and the ratio of the platelet count to the ALC (PLR) were calculated. Only those laboratory measurements that have been performed prior to resection as part of the routine evaluation of patients were collected for review. If multiple preoperative laboratory test results were available, the one that was performed on the nearest date before the surgery was selected for review. When collecting laboratory results, we also considered the reference range and quality control in each university hospital. Histologic type classification was reviewed for consistency.
In this work, we defined optimal cytoreduction as a largest residual tumor mass of 1 cm or less in maximum diameter, in accordance with the definition of the Gynecologic Oncology Group (GOG) [25] , and suboptimal cytoreduction as surgical exploration with residual tumor more than 1 cm in maximum diameter. All visible tumor tissue was removed if technically feasible to achieve optimal surgical cytoreduction [10] . Cytoreductive surgery was performed by experienced surgeons. These are faculty members in the departments of Obstetrics and Gynecology at several university hospitals [8, 26] . After an incision was made, ascites was collected for cytological evaluation. The surgical procedures included total hysterectomy with bilateral salpingo-oophorectomy, radical peritonectomy, diaphragmatic stripping, omentectomy, bowel resection, appendectomy, splenectomy, bilateral pelvic and paraaortic lymph node dissection, and resection of any other organ to which the tumor had spread. Patients were dichotomized into the following two groups in accordance with the results of cytoreduction: optimal and suboptimal cytoreduction. Differences in variables between the two groups were assessed. The best cutoff point to obtain suboptimal cytoreduction was determined using receiver operating characteristic (ROC) curve analysis. Independent t-tests were used to compare the means of 2 independent groups, whereas chi-squared tests were used to determine the relationship between 2 categorical variables. Both univariate and multivariate logistic regression of variables were used to evaluate which parameters were predictors of suboptimal cytoreduction. In multivariate logistic regression, we included only those variables with P-values less than 0.05, and performed backward stepwise analysis. All presented P-values are two-sided. If the P-value was less than 0.05, statistical significance was assigned. Data analysis was performed with SPSS version 18.0 for windows (SPSS Inc., Chicago, IL, USA).
Results
The characteristics of the patients used in our cohort are summarized in Table 1 The median concentration of hemoglobin was 12.2 g/dL. The median platelet count was 342000/µL. Finally, the median values of NLR, PLR, and LMR were 3.9, 245.5, and 3.0, respectively.
Regarding the stratification of patients with EOC based on the results of cytoreduction, the optimal and suboptimal cytoreduction groups included 96 (62.3%) and 58 (37.7%) patients, respectively. We evaluated differences in the baseline characteristics according to the two cytoreduction groups. Significant differences in means between two groups were observed for the following variables: ALC (P=0.009), PLR (P=0.040), and LMR (P=0.036). In addition, a significant difference in FIGO stage was found between the two groups using the chi-squared test (P=0.026) ( Table 2) .
Using data from all eligible patients, the best LMR cutoff point to obtain suboptimal cytoreduction was found to be 3. WBC (HR = 0.32, 95% CI = 0.14-0.72, P=0.0062), and LMR (HR = 0.27, 95% CI = 0.12-0.61, P=0.0015) were found to be the strongest predictors for suboptimal cytoreduction (Table 3, Figure 1 ). Subgroup analyses were performed to evaluate the correlation between outcomes of cytoreductive surgery and age, CA125, or WBC in both low-and high-LMR level groups. There was significant correlation between cytoreductive outcome and age (P=0.012) or WBC count (P=0.023) in the low-LMR group. However, in the high-LMR group, there was no significant correlation between cytoreductive outcome and age or WBC. Finally, the correlation between cytoreductive outcome and CA125 level was not significant in either the low-or high-LMR group (Table 4) .
Discussion
Ovarian cancer remains one of the leading causes worldwide of death from cancer in women [1] . One of the major reasons for the poor survival rate of ovarian cancer is that most ovarian cancers are identified at an advanced stage [2] , and patients experience disease recurrence at some point in their lives [27] . Aggressive optimal cytoreductive surgery plus postoperative administration of chemotherapy is the currently recommended treatment for advanced stage ovarian cancer [3] . Of note, the achievement of optimal cytoreduction is one of the most important factors influencing prognosis.
The definition of optimal cytoreduction remains a subject of considerable controversy. It has varied from a maximum diameter of residual tumor of 2 cm to no residual mass whatsoever [28] . The GOG currently designates optimal surgical cytoreduction as a largest residual tumor mass of 1 cm or less in maximum diameter [25] . The impact of the results of cytoreductive surgery on survival has been demonstrated in a systematic review of eleven studies, which found that optimal cytoreduction with a largest residual tumor mass of 1 cm or less in maximum diameter correlates with an improvement in OS [29] . In this work, we defined optimal cytoreduction according to the definition of the GOG [25] , and suboptimal cytoreduction as surgical exploration with residual tumor of more than 1 cm in maximum diameter.
Although several previous studies have reported various kinds of potential tools for predicting the results of cytoreductive surgery, controversial results have also been reported, and as such there is no scientific evidence to support those tools as predictors for the results of cytoreductive surgery. Consequently, there is at present no strong predictor with performance adequate for clinical practice.
LMR has been proposed by many researchers as a prognostic factor for the survival of patients with lymphomas [23] or various types of malignancies including ovarian cancers [24] . In our previous report [24] , along with age and FIGO stage, LMR was identified to be the most significant prognosticator for OS. Although the mechanisms underlying the relationship between lower LMR and poor survival rates in many different types of tumors have not been fully clarified, some suggestions can be derived by considering the natures of lymphocytes and monocytes in peripheral blood. Lymphocytes have been suggested to play a crucial role in the fight against cancer, and the lymphocytopenia has long been identified as a poor prognostic factor for OS in various types of cancers. As well, an increase in monocyte counts in the peripheral blood has been recognized as a poor prognostic factor in different types of cancers [30, 31] . In the present work, LMR was found to be the strongest predictor of suboptimal cytoreduction, with a cutoff value of 3.75 based on ROC curve analysis. In our previous study on ovarian cancer, the best LMR cutoff value for OS was found to be 2.07 based on ROC curve analysis. When performing logistic regression analysis with a cutoff value of 2.07, LMR was not found to be a predictor of suboptimal cytoreduction. In the present work, the value of LMR as a predictor for suboptimal surgical cytoreduction was assessed together with NLR and PLR. The impact of NLR on progression-free survival (PFS) [32, 33] and OS [33] [34] [35] has been reported in ovarian cancers. In addition, the preoperative PLR has been demonstrated to have prognostic impact on the survival of patients with ovarian cancers [36, 37] . Although all three potential inflammatory biomarkers were found to be significant predictors for suboptimal cytoreduction in univariate analysis, LMR was the only significant predictor in multivariate analysis.
In the present work, age (cutoff of 73 years) was demonstrated to be a predictor of suboptimal cytoreduction. Several other researchers have also stressed the importance of age, and have reported that cytoreduction was easier to accomplish in younger patients. The cutoff values of those studies were 70 [8] and 60 years [9] . However, the value of age as a predictor of cytoreduction is not conclusive. Several studies have reported opposite results showing that outcome of cytoreductive surgery is not dependent on age. The cutoff values of those studies were 70 [38] , 62 [17] , and 55 years [21] .
In this study, preoperative CA125 (cutoff of 1467 units/mL) was significantly associated with risk of suboptimal cytoreduction. Several investigators have empirically demonstrated a correlation between preoperative CA125 level and the results of cytoreductive surgery. The most common cutoff value of those studies was 500 units/mL [9, 12, 13, 15] , although a cutoff of 586 units/mL has also been reported [14] . However, the value of CA125 as a predictor of cytoreductive outcome is also not conclusive. Several studies have reported opposite results indicating that CA125 is not predictive of the results of cytoreductive surgery. The cutoff values of those studies were diverse, including 1791 [17] , 2145 [17] , 756 [21] , and 500 units/mL [39, 40] . When we applied 500 units/mL as a cutoff value, CA125 was not predictive of cytoreductive outcome.
In the present study, an association between preoperative WBC (cutoff of 8160/µL) count and suboptimal cytoreduction was found. The results of the current work do not agree well with a previous report of So et al., which found that optimal surgical cytoreduction was attained in 67.4% and 65.5% of patients with EOC in groups with WBC ≤ 10000/µL and WBC > 10000/µL, respectively (P=0.857) [41] . When we applied 10000/µL as a cutoff value, WBC was not a predictor for the outcomes of cytoreductive surgery.
In this work, we also evaluated the value of histologic grade before cytoreduction as a predictor for cytoreductive outcome. In a study by Heintz et al., it was much easier to accomplish optimal surgical cytoreduction in patients with low-grade tumors [8] . However, in the present work, histologic grade was not predictive of the results of cytoreductive surgery.
In the current study, we did not evaluate the value of specific laparoscopic features as a reliable tool for predicting the outcomes of cytoreductive surgery. It is impossible to determine whether a patient can be optimally debulked until the cytoreduction procedure is underway, thus limiting the value of laparoscopic features as a preoperative predictor for suboptimal cytoreduction [16] . We also did not include specific findings of radiologic studies, including CT scan [9, 17, 18] and PET/CT [19] [20] [21] , as predictors for cytoreductive outcomes. The reason is that use of specific imaging results before surgical resection is difficult in clinical application, and they have not been validated in large prospective randomized trials [42] .
The strength of the present study is that it represents the first attempt to evaluate the role of preoperative LMR, a simple and low-cost peripheral blood examination, as a predictor for risk of suboptimal cytoreduction for EOC. In addition, we evaluated the value of LMR together with well-known systemic inflammation-based biomarkers such as NLR and PLR. Finally, the current study was a multiple-institution research study. However, the limitations of the study included its characteristics of design, being a retrospective study, and the relatively small number of patients that met the inclusion criteria of the study. In addition, as LMR is a non-specific marker of inflammatory activity, LMR values may have been affected by the other inflammatory conditions, a variety of systemic diseases, or baseline characteristics of enrolled patients [43] . Finally, we could not evaluate the role of LMR compared with other inflammation-based markers such as erythrocyte sedimentation rate and C-reactive protein due to the considerable number of missing values.
In conclusion, this study evaluated, for the first time, the value of LMR as a predictor for the outcome of primary surgical cytoreduction in EOC patients, and found that LMR is a clinically reliable predictor for suboptimal cytoreduction, along with age, CA125 level, and WBC count. The results of our study reveal a possible role of LMR, as an inflammatory biomarker, that may provide additional prognostic information beyond the biological parameters of the tumor. Additional large-scale investigations should be performed to improve understanding of the role.
